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TECHNIQUE TO CONFIRM CORRECT
POSITIONING WITH RESPECT TO
ARTERIAL WALL

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application 1s a continuation-in-part of application
Ser. No. 10/704,556, filed Nov. 12, 2003; which 1s a divi-
sional application of application Ser. No. 10/042,24°/, filed
Jan. 11, 2002, now U.S. Pat. No. 6,682,489, which 1n turn
claims the benefit of priority of U.S. Provisional Patent
Application No. 60/260,895, filed Jan. 12, 2001. The entire
contents of application Ser. No. 10/704,556; application Ser.
No. 10/042,24°7 and the Provisional Application No. 60/260,
895 are incorporated herein by reference.

Also, certain aspects ol this ivention are similar to
aspects of the mvention described 1n application Ser. No.
10/756,765, filed Jan. 14, 2004, whose entire contents are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

The mvention relates to sealing punctures in tissues of
living bodies. The invention can be used, for example, when
sealing punctures 1n the walls of arteries (such as following
an angio or PTCA procedure) or other blood vessels. Back-
ground and various details of such techniques can be found
in application Ser. No. 09/704,726 entitled “Sealing Device
and Wound Closure Device” and filed on Nov. 3, 2000 by
Dan Akerfeldt et al., now U.S. Pat. Nos. 6,508,828 5,613,
974 (Assigned to Perclose, Inc.); and U.S. Pat. No. 6,090,
130 (assigned to Kensey Nash Corporation). The entire
contents of this application and these two patents are incor-
porated herein by reference.

In the course of using sealing devices or anchors that are
inserted into an artery, 1t 1s helpful to detect the position of
the various components with respect to the arterial wall. IT
an 1troducer 1s positioned based on feeling, there i1s a risk
that the introducer pops out from the artery, and 1t 1s almost
impossible to reintroduce 1t in an easy way. Ideally, the seal
or anchor 1s deployed as close to the puncture hole as
possible. If the seal or anchor 1s deployed too deep 1n the
artery, the risk increases that the seal or anchor will be
caught upstream 1n the artery before being seated on the
puncture hole and/or cause mjury to the iside of the artery
wall.

An mtroducer 1s normally 10-15 cm long, and during
cauterization it 1s fully mserted. To seal the puncture hole, a
seal needs to have a diameter larger than the introducer, e.g.
>3 mm. To be properly seated to the inside of the artery hole,
the seal needs to be even larger, otherwise the seal may be
pulled out by mistake. The femoral artery inside diameter 1s
normally 5-10 mm in humans, and it 1s diflicult to increase
the seal width to more than 5 mm because, 1t the seal width
1s bigger, 1t 1s diflicult to {it the seal into the arterial lumen
without aflecting the circularity of the lumen too much. The
length of the seal can however be increased to achieve high
pull out strength.

The FEMOSEAL™ seal (described in U.S. Pat. No.
6,508,828) and Kensey Nash ANGIOSEAL™ seal anchors
(described 1 6,090,130) have a length of 10 mm, and
consequently can the position and direction of the seal or
anchor inserted in the artery are not guided. As discussed
above, the seal or anchor can also be caught in an artery
branch upstream. The ANGIOSEAL™ seal technique
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inner member. The anchor does not perform a sealing
function (and 1s not a “seal” as this term 1s used in this patent
specification) but instead anchors an outer member and the
outer member performs the sealing function. The ANGIO-
SEAL™ seal technique solves the problem of detecting the
position of the various components relative to the vessel
wall by detecting the vessel wall by mtroducing an indicator
through the introducer. This 1s a tube that extends 3 cm distal
of the introducer tip with a side hole positioned 1 mm distal
from the introducer tip. By pulling the introducer back and
forth, the tip can be positioned at a desired position from the
vessel wall by looking at blood dripping out from the
indicator. This can be done without losing the entrance into
the artery. Then, the anchor can be deployed near the

puncture hole, 1 cm upstream, and the risk of getting the
anchor caught upstream 1s reduced.

A technique used by Perclose (described 1n 5,613,974) 1s
similar 1n that a channel through the device, with a side hole,
1s provided to wvisually detect blood emerging from the
device handle to indicate the device position within the
artery.

SUMMARY OF THE INVENTION

The 1invention addresses and solves two problems which
occur 1n the sealing of punctures 1n blood vessels. The first
problem 1s to detect the arterial wall 1n order to position the
introducer tip at the correct location inside the vessel.

A second problem 1s to confirm that an inner seal 1tself 1s
correctly positioned and 1s performing its sealing function.

In preferred embodiments of the invention, the position of
a distal end of an introducer assembly 1n tissue 1s determined
using a pressure sensor. The pressure sensor 1s connected to
the proximal end of the introducer assembly. The introducer
assembly has a fluid path between 1ts distal end and 1ts
proximal end. Measured blood pressure 1s outputted as an
indication of the position of the distal end of the introducer
assembly 1n the tissue. Proper positioning of an inner seal 1s
confirmed by placing the introducer assembly such that 1ts
distal end 1s 1n tissue outside a puncture in a blood vessel
wall and observing a characteristic of blood at the proximal
end of the introducer assembly. In this technique, a wave-
form of the blood pressure at the distal end of the introducer
assembly may be displayed on a display to provide addi-
tional information to a surgeon as to the relative position of
the components with respect to various tissues.

A pressure transducer 1s not needed to confirm that the
puncture 1s sealed, since the flow of blood can be observed
from an output port 1n the introducer 1f the puncture 1s not
sealed. The output port can be, for example, a hole 1n the
proximal end of the introducer, a clear tube connected to the
proximal end of the introducer, or the like. However, pro-
viding a pressure transducer or pressure sensor, or a similar
device, allows generation of pressure wavelforms, or of a
pulsation or pulsating signal that can be sensed, and thus
provides additional information to the surgeon.

The occurrence of a pulsation or pulsating or oscillating
signal or waveform guarantees that the distal end of the
introducer has been safely inserted into an artery. If an
introducer end by accident 1nstead 1s introduced 1nto a vein
or 1s positioned 1n a puncture canal, the pressure transducer
or sensor would indicate a non-pulsating signal or output, or
at least a less pulsating signal or output, which readily can
be distinguished from a signal/output arising from the mark-
edly pulsating pressure prevailing in an artery.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 7 1llustrate the design and operation of a first
embodiment of the invention;

FIG. 8 illustrates a second embodiment of the invention;

FIG. 9 1illustrates a third embodiment of the invention;

FIG. 10 1llustrates a fourth embodiment of the invention:

FIGS. 11a to 11e 1llustrate the design and operation of a
fifth embodiment of the invention:

FIG. 12 1illustrates a sixth embodiment of the invention;

FIG. 13 1llustrates a seventh embodiment of the invention:
and

FI1G. 14 illustrates an eighth embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The invention provides an improved technique to detect
the position of an introducer assembly 1n a blood vessel or
tissue. According to this technique, an embodiment of the
invention electronically (or optically) quantitatively mea-
sures the presence, amount (for example, absolute pressure),
and/or wavetorm of blood pressure in the introducer, as
opposed to merely visually detecting the presence of blood,
as 1n the prior art. To accomplish this, a standard bedside
blood pressure transducer 1s connected to the introducer’s
sidearm and the pressure (1n for example mmHg)is dis-
played on a lab monaitor.

In other embodiments of the mvention, blood pressure 1s
digitally sensed by a thumb or fingers or visually observed.
For example, the pulsation of blood can be observed as an
oscillating blood column or be digitally sensed or displayed
by a moving needle or pointer.

The invention also provides a techmique to detect the
proper sealing of a puncture 1 a blood vessel wall. In this
technique, after deploying an inner seal, the blood pressure
in the tissue immediately outside of the seal 1s measured. If
the puncture 1s not sealed (if, for example, the inner seal 1s
caught upstream), significant blood pressure will still be
indicated, and the seal can then be manipulated and twisted
until 1t 1s released in the artery and can then be positioned
properly.

When the 1mnner seal 1s properly seated, the blood pressure
will disappear. If the sealing 1s incomplete, a pressure will
still be present, but at a lower level, and this indicates the
need for, for example, harder tightening of the sealing
clements.

The measured pressure waveform 1s displayed on the
monitor to give the surgeon information as to the positioning,
of the various components relative to one another and
relative to the various tissues. In addition, the pressure
wavelorm can be analyzed electronically to provide the
surgeon with further information.

Thus, the invention provides information regarding
whether the introducer tip 1s 1n the artery, 1 the vessel wall,
or outside the vessel. After apparent closure of the puncture,
the pressure information provided by the invention indicates
if the inner seal 1s tight or leaks. A small leak from the artery
can be distinguished from tissue oozing by observing and/or
analyzing the pressure waveform (for example, a pulsed
wavelorm shape suggests a small leak). An artery leak
indicates the need for better tightening of the seal. Tissue
0ozing requires no further action.

In a puncture closure device that has a seal inside the
artery and a seal outside the artery (such as the FEMO-
SEAL™ seal), the invention can serve additional purposes.
After deployment of the inner seal in the artery, the device
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4

1s withdrawn until a resistance 1s felt. At that point, the inner
seal should be seated over the 1nside of the puncture and the
outer seal can then be deployed without risk of being
deployed inside the artery. If the imnner seal 1s caught
upstream 1n the artery, without the invention, the surgeon
may misinterpret the resistance (when the device 1s pulled)
as an indication that the inner seal 1s seated over the puncture
hole. However, with the invention, the fact that the inner seal
1s caught upstream in the artery will be detected by reading
the pressure on the monaitor.

FIGS. 1 to 14 illustrate various embodiments of the
invention. These figures 1llustrate use of the mvention 1n
conjunction with the FEMOSEAL™ seal. However, the
invention can be used in connection with a wide variety of
seals other than the FEMOSEAL™ seal.

FIGS. 1 and 2 illustrate an apparatus 1 having an inner
seal 2, a pusher 3 (with a tip 25), and a suture 4. FIG. 3
illustrates a sidearm 9 (with a stopcock in a closed position),
an mmtroducer 10, a hemostatic valve 11, and a tube 12,
positioned with respect to artery wall 7 1n tissue 14. Inner
seal 2 performs two distinct functions. First, inner seal 2
seals the puncture 1n the blood vessel wall. Second, seal 2
holds an outer seal (not shown) in place. The above-
identified patent application describes these components 1n
turther detail.

FIG. 4 shows mner seal 2 deployed within the artery,
sidearm 9 (with a stopcock in an open position), and a
pressure transducer 13. The pressure transducer 13 1s in fluid
communication with the distal tip 10A of introducer 10.
Thus, 1n FIG. 4, transducer 13 senses normal arterial pres-
sure. The pressure transducer can be any pressure transducer
suitable for measuring blood pressure.

FIG. 4 also shows a display 23 to display pressure
wavelorms to the surgeon. The display can be any type of
display or monitor. An analysis circuit 21 1s also provided,
which analyses the pressure data to output additional 1nfor-
mation to the surgeon.

FIG. 5 shows the inner seal 2 properly seated to a puncture
hole. In FIG. §, transducer 13 senses essentially no normal
arterial pressure and no normal pressure wavelforms 1n the
tissue 14' immediately outside of the seal. Thus, by moni-
toring the pressure (actually lack of pressure) via transducer
13, display 23, and/or analysis circuit 21, the surgeon can
confirm that seal 2 1s properly seated (that 1s, that seal 2
mates with the inner wall of the blood vessel 1n a leak tight
fashion). If the sealing were incomplete, a pressure will still
be present, but at a lower level, and this indicates the need
for harder tightening of the sealing elements. The technique
shown 1n FIG. 5 can also be employed to determine whether
a seal which seals the puncture from outside the artery is
properly positioned.

FIG. 6 shows seal 2 caught 1n an upstream branch. As
described above, i1f the seal i1s caught upstream, blood
pressure will still be indicated on the display (or monitor),
and the seal can then be mamipulated and twisted until 1t 1s
released from the branch and can be seated to the puncture
hole. In the FIG. 6 situation, when the surgeon pulls on
sutures 4, the surgeon feels significant resistance and may
wrongly believe (without use of the mvention) that the seal
1s properly seated.

FIG. 7 1illustrates examples of waveforms displayed on
display 23. Wavetorm 20 corresponds to the situation when
an 1nner seal 1s mside the blood vessel and an introducer 1s
positioned as shown 1n FIG. 4. Wavelorm 22 corresponds to
the situation when the inner seal 1s positioned as shown in
FIG. 5. Wavetorm 21 corresponds to the situation when the
sealing 1s incomplete.
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FIGS. 8,9, and 10 show second, third, and fourth embodi-
ments of the mvention.

FIG. 8 shows an mtroducer 10 with a core pin 27 inserted.
The core pin (a dilator) has one channel 26 (or an axial
grove) that communicates a tip openming 26a with the side-
arm 9. With this technique, the mtroducer 1s pushed/pulled
torward and backward until the opeming 26a (or sidehole) 1s
sealed by the vessel wall 7. This can be detected by a loss
of pressure with pressure detector 30. The detector 30 1s
similar to transducer 13 and equipped with a display or
audible indication of pressure, for example, an audible
indication which varies as pressure varies. The detector 1s
connectable, or adaptable, to the sidearm 9. Once 1t 1s
confirmed that the introducer tip 1s positioned at the wall, the
introducer can then be pushed forward into the vessel to a
desired length. Then, the seal can be inserted into the
introducer and deployed as close to the puncture site as
possible.

FIG. 9 shows an introducer 33 with a core pin 27A
inserted. The introducer has a sidehole 28 at a desired
distance from the tip. With this design, the imntroducer can be
positioned 1n a single operation by monitoring the pressure
on detector 30, and the length that the introducer protrudes
into the vessel 1s defined by the length from the sidehole to
the introducer tip. For example, the introducer can be
positioned by positioning hole 28 just inside the vessel wall
by monitoring pressure on detector 30.

The technique shown 1n FIG. 10 1s similar to the tech-
nique shown 1n FIG. 5, except that in FIG. 10, proper sealing
of the mner seal 2 1s determined by observing the absence of
blood flow from an output port (or drip channel) 32 1n an
attachment 31.

FIG. 11a discloses a further embodiment of a pressure
monitoring system, in which a pressure transducer 100
comprises an mtroducer sheath 101 having a lumen 102. A
housing 103 1s provided at the proximal end of the intro-
ducer sheath 101. The housing 103 surrounds a proximal
portion of the introducer sheath 101 and encloses a chamber
104, 1n which gas (air) 1s confined. The chamber 104 is 1n
fluidd communication with the lumen 102 of the introducer
sheath 101 by a capillary or canal 105.

A hemostatic valve 111 1s provided near the proximal end
of lumen 102. At the very distal end 101agof lumen 102 an
opening 107 1s provided. The opening 1s (in this embodi-
ment) circular 1n shape, has a diameter equal to the diameter
of lumen 102, and lies 1n a plane perpendicular to the
longitudinal axis of the lumen 102. The opening 107 allows
use of a removable member (such as core pins 27 and 27A
in FIGS. 8 and 9) which passes through the lumen 102. Such
a removable member can, for example, provide for sensing
of pressure at a specific location (based on the geometry of
the removable member) as well as allows for unobstructed
passage ol other instruments through lumen 102.

The proximal portion of the pressure transducer 100
according to FIG. 11a 1s shown in FIGS. 115-d, and the
function of the pressure transducer 100 will now be
described with reference to these figures, starting with FIG.
1156. Blood 106 entering into the lumen 102 of the introducer
sheath 101 will be diverted into the canal 105. Due to the
counter-pressure created by the air trapped in the chamber
104, the blood meniscus will only reach into the canal 105
to an extent defined by this counter-pressure, 1.¢. until the
blood pressure 1n an artery (or a vein or another body lumen)
1s 1n equilibrium with the air pressure in the chamber 104.
When the distal end of the introducer sheath 101 1s inside an
artery, the blood meniscus in the canal 105 will oscillate or
pulsate (herein the terms oscillate and pulsate have the same
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meaning) between two extremes, which in FIG. 115 and
FIG. 11c have been indicated by A . and A respectively.
These two extremes A_. and A correspond preferably to
the diastolic and systolic blood pressures, respectively. A
normal value for the diastolic pressure may be within 70-80
mmHg, whereas the systolic pressure may be as high as 140
mmHg.

rax?

As 1s well known 1n the art, individual variations regard-
ing blood pressure are large; and these vanations are further
allected 1n situations where the individuals are subjected to
medical procedures including treatment with different drugs.
But as a general rule, the total volume of the introducer
lumen 102, the canal 105, and the chamber 104 1s dimen-
sioned such that the expected minimal diastolic pressure
corresponds to a blood meniscus at A_ . ., and the expected
maximal systolic pressure corresponds to a blood meniscus
at A_ . In most applications, the exact positioning of A_ .
and A 1s, however, not very crucial, the important thing
being that an oscillating blood meniscus can be observed. To
provide for visually observing a blood meniscus oscillating
in the canal 105, at least the portion of the housing 103 that
covers the canal 105 should be made from a transparent
material, such as plastic or glass or the like. Preferably, also
the rest of the housing 103 can be made from a transparent
material, to thereby make 1t possible to observe when and 1t
blood enters mto the lumen 102 of the mtroducer sheath 101
and/or ito the chamber 104.

As mentioned above, blood pressure variations are large,
and at severe hypertension the blood pressure can be higher
than 180 mmHg. In FIG. 11d, a situation i1s 1illustrated
wherein the blood pressure 1s so high that blood 106 enters
into the chamber 104. Even 1n this situation, the counter-
pressure caused by the air trapped inside the chamber 104
will, however, eventually create equilibrium and the blood
memscus will oscillate between two extremes. In other
words, the pressure transducer 100 will also for extremely
high blood pressures provide an oscillating blood column,
which indicates that the distal end of the mtroducer sheath
101 1s within an artery. Moreover, with suitable dimensions,
the occurrence of blood within the chamber 104 will 1n 1tself
guarantee that the distal end of the introducer sheath 101 1s
within an artery, because the blood pressure within an artery
1s the highest blood pressure in a human body and conse-
quently all other blood pressures will be considerably lower,
in practice so low that blood from other vessels or lumens
will not be able to extend all the way into the chamber 104.

From the discussion in conjunction with FIGS. 11a-d, it
may be realized that when the canal 105 has a uniform
shape, the canal 105 will not linearly display the actual
blood pressure. This means that for a given change 1 blood
pressure, the blood meniscus will move a longer distance at
the beginning or proximal portion of the canal 105 than at
the more distal portions of the canal 105. FIG. 11e shows a
pressure transducer 100', which schematically illustrates a
way to eliminate this non-linearity. The pressure transducer
100" of FIG. 11e 1s 1dentical with the pressure transducer 100
shown 1 FIGS. 1la-d except that a canal 105', which
connects a lumen 102' of an introducer sheath 101' to a
chamber 104', has been given a shape which tapers towards
the chamber 104'. By selecting a suitable tapering for the
canal 105', a given change 1n blood pressure—which always
corresponds to a given change in the volume of the air
trapped 1n front of the blood meniscus in the canal 105'—can
be made to correspond to the same positional change of the
blood meniscus throughout the canal 105'. A linear display
of the blood pressure has thereby been accomplished.
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In the situations illustrated in FIGS. 1156-d, blood 106
entering into the introducer sheath 101 completely fills the
lumen 102 of the introducer 101, and fills 1n particular the
portion of the introducer lumen 102 which 1s proximal of the
entrance to the canal 105. If, however, air trapped in the
proximal portion of the itroducer sheath 101 would create
a counter-pressure that 1s high enough to prevent the blood
from reaching into the canal 105, no oscillating blood
meniscus would, of course, be seen in the canal 105. To
ensure that blood can reach to the beginning of the canal
independently of the actual blood pressure, a small gas (air)
leak can be provided at, for example, the proximal end of the
introducer sheath 101. This leak should be so small that air
can leak out from the introducer whereas blood 1s main-
tained within the introducer. However, as has been 1llus-
trated above in conjunction with FIGS. 3-6, a pressure
transducer and an 1introducer are members of a larger assem-
bly, and in practise, 1.e. under all circumstances and after an
extended period of storage, 1t can be diflicult to ensure that
such a small leak always 1s present.

FIG. 12 discloses a further embodiment of a pressure
transducer 200 according to the present invention. The
pressure transducer 200 comprises an introducer sheath 201
having a lumen 202. A housing 203 1s provided at the
proximal end of the mtroducer 201. The housing 203 sur-
rounds a proximal portion of the introducer sheath 201, and
encloses a first chamber 204, 1n which gas (air) 1s confined.
The first chamber 204 1s 1 fluid communication with the
lumen 202 of the introducer 201 by a capillary or canal 205.
The housing 203 further encloses a second chamber 206, 1n
which the proximal end of the mtroducer lumen 202 ends.
The volume of the first chamber has in FIG. 12 been
designated by V,, and the volume of the second chamber 1s
designated by V,. By having a large V ,, the counter-pressure
created by the second chamber 206 against blood entering
into the distal end of the introducer 201 1s low, and 1t 1s
hereby possible to design the pressure transducer 200 such
that blood always can reach the opening into the canal 205.
In fact, an air leak out from the second chamber 206 can be
regarded as the special case where V, 1s infinitely large
(from the air’s point of view).

Another embodiment of a pressure transducer 300 accord-
ing to the present imvention 1s shown 1n FIG. 13. Like the
embodiments described above, the pressure transducer 300
comprises an introducer sheath 301 having a lumen 302, and
a housing 303. The housing 303, which 1s provided at the
proximal portion of the introducer sheath 301, encloses a
chamber 304, which 1s 1n fluild communication with the
introducer lumen 302 by a canal 305. A resilient membrane
306 constitutes an outer wall of the chamber 304. In use, the
distal end of the itroducer sheath 301 1s introduced into an
artery, which causes blood to flow 1nto the chamber 304. The
blood 1nside the chamber 304 will then pulsate between the
diastolic and systolic pressures prevailing inside the artery.
This pulsation will be transferred to the resilient membrane
306; and by placing a finger 307 on the resilient membrane
306, an operator can sense the pulsation and thereby deter-
mine that the distal end of the introducer sheath 301 actually
1s mside an artery (and not 1n a vein or other bodily lumen
or tissue).

Another type of pressure transducer 1s disclosed in FIG.

14. Here a pressure transducer 400 comprises an introducer
sheath 401 having a lumen 402, a housing 403, which

encloses a chamber 404, which 1s in fluild communication
with the lumen 402 by a canal 405, and a pointer 406. A
resilient membrane 407 1s arranged inside the chamber 404,
and 1s by a linkage 408 connected to the pointer 406. Blood
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having entered into the chamber 404 will hereby pulsate
against the resilient membrane 407, and the linkage 408 will
then transifer the pulsation to the pointer 406, to thereby
provide an operator with a visual indication of the pulsating
blood pressure.

The different embodiments of pressure transducers 1llus-
trated 1n conjunction with FIG. 11 to FIG. 14 represent
closed systems, which means that there 1s no spillage of
blood out from the pressure transducer. This 1s an advantage
over devices that utilize a blood flow out from the device 1n
order to indicate that an introducer 1s located inside an
artery.

Further, like the pressure sensor 1llustrated 1n conjunction
with FIGS. 4-9, the pressure transducers according to FIGS.
11-14 can be used for locating an artery as well as for
veritying that an iner seal 1s correctly positioned against an
artery wall, and for details regarding these diflerent aspects
of the invention, the reader 1s referred to the discussion
above.

The mvention 1s, of course, not limited to these specific
embodiments. Modifications and variations of the mnvention
will occur to those skilled in the field, after receiving the
above teachings. The invention 1s therefore defined by
reference to the following claims.

What 1s claimed 1s:

1. A system to sense the location of a distal portion of a
member within a body, the system comprising:

an introducer portion mcluding:

a lumen adapted to introduce an instrument there-
through, and

a distal end adapted to be placed within a body, the
distal end having an opening lying in a plane per-
pendicular to a longitudinal axis of the lumen and a
proximal end having an opening lying i a plane
perpendicular to the longitudinal axis of the lumen;

a pressure sensor, in fluid communication via the lumen

with the opening at the distal end, adapted to provide a
pulsation which can be sensed by an operator when the
distal end 1s placed within a pulsating portion of the
body; and

a core pin with a channel to provide said fluid commu-

nication, the core pin sized such that the core pin
obstructs the opening at the distal end of the introducer
so that the channel 1s the only flow path from the distal
end of the introducer.

2. A system as set forth 1n claim 1, wherein the pulsation
1s visually displayed on a display.

3. A system as set forth 1n claim 1, further comprising a
chamber to visually display pulsation.

4. A system as set forth in claim 3, wherein the chamber
1s a capillary tube.

5. A system as set forth in claim 1, wherein the distal end
of the mtroducer portion 1s adapted to be positionable within
a blood vessel.

6. A system as set forth in claim 1, further comprising a
chamber which 1s not vented to atmosphere to visually
display pulsation.

7. A system as set forth 1n claim 1, wherein the system
comprises at least two chambers.

8. A system as set forth 1n claim 1, further comprising a
member which vibrates due to the pulsation such that the
vibration of the member can be sensed by touch.

9. A system as set forth 1n claim 1, further comprising a
member which vibrates due to the pulsation such that the
vibration can be visually observed.

10. A system as set forth 1n claim 1, wherein the pressure
sensor comprises a pressure transducer.
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11. A system to sense the location of a distal portion of a

member within a body, the system comprising:

an 1ntroducer portion mcluding:

a lumen adapted to introduce an instrument there-
through, and

a distal end adapted to be placed within a body, the
distal end having an opening lying 1in a plane per-
pendicular to a longitudinal axis of the lumen and a
proximal end having an opening lying in a plane
perpendicular to the longitudinal axis of the lumen,
and

a side hole near the opening at the distal end of the
introducer portion; and

a pressure sensor, 1n fluid communication via the side hole
and the lumen with the distal end, adapted to provide a
pulsation which can be sensed by an operator when the
distal end 1s placed within a pulsating portion of the
body.

12. A system as set forth 1n claim 1, wherein the core pin

turther comprises an opening at an entrance to the channel.

13. A system as set forth 1n claim 12, wherein the opening

lies 1n a plane perpendicular to the longitudinal axis of the
lumen.

14. A system as set forth 1n claim 12, wherein the opening

lies 1n a plane parallel to the longitudinal axis of the lumen.

15. A system to sense the location of a distal portion of a

member within a body, the system comprising:

an itroducer portion having a lumen and a distal end
adapted to be placed within a body;

a core pin iserted in the mtroducer portion such that a
distal end of the core pin passes beyond the distal end
of the mtroducer portion, the core pin having a portion
of reduced diameter such that a channel i1s formed
between an inner wall portion of the imntroducer portion
and an outer portion of the core pin, the channel having
an entrance distal from the distal end of the mtroducer
portion; and

a pressure sensor, in fluid communication with the
entrance via the channel, adapted to provide a pulsation
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which can be sensed by an operator when the entrance
1s placed within a pulsating portion of the body.

16. A system to sense the location of a distal portion of a
member within a body, the system comprising:

an introducer portion having a lumen and a distal end
adapted to be placed within a body;

a core pin mserted 1n the mntroducer portion such that a
distal end of the core pin passes beyond the distal end
of the introducer portion, the core pin having a portion
of reduced diameter such that a channel i1s formed
between an inner wall portion of the introducer portion
and an outer portion of the core pin, the channel having
an entrance proximal from the distal end of the intro-

ducer portion via an opeming in the introducer portion;
and

a pressure sensor, in fluild communication with the
entrance via the channel, adapted to provide a pulsation
which can be sensed by an operator when the entrance
1s placed within a pulsating portion of the body.

17. A system to sense the location of a distal portion of a
member within a body, the system comprising:

an introducer portion having a lumen and a distal end
adapted to be placed within a body;

a core pin inserted 1n the mntroducer portion such that a
distal end of the core pin passes beyond the distal end
of the mtroducer portion, the core pin having a channel,
the channel having an entrance distal from the distal
end of the mtroducer portion, the core pin sized such
that the core pin obstructs the distal end of the intro-
ducer portion so that the channel i1s the only flow path
from the distal end of the mtroducer portion; and

a pressure sensor, in ftluild communication with the
entrance via the channel, adapted to provide a pulsation
which can be sensed by an operator when the entrance
1s placed within a pulsating portion of the body.
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